
Texas Water Development Board 

Report ### 

 

Final Report: Groundwater 

Availability Model for the Central 

Portion of the Sparta, Queen City, 

and Carrizo-Wilcox Aquifers 

 
 

 

 

by 

Steven Young PhD, PE, PG, INTERA Incorporated 

Marius Jigmond, INTERA Incorporated 

Toya Jones, PG, INTERA Incorporated 

Tom Ewing PhD, PE, Frontera Exploration Consultants 

 

Contributors: 

Sorab Panday, PhD, GSI Environmental Inc. 

RW Harden, RW Harden & Associates 

Daniel Lupton, INTERA Incorporated 

 

 

 

 

 

 

September 2018 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol 1 - ii  

 

 

 

 

 

This page is intentionally blank. 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol 1 - iii  

Geoscientist and Engineering Seal 

 

                           September 14, 2018 

 

 

 

 

 

 

 

 

 

Dr. Steven Young was the project manager and was primarily 

responsible for developing the approach for constructing and 

calibrating the groundwater model. He supervised the development 

and application of PEST for model calibration and the analysis of the 

aquifer pumping test.  

Ms. Toya Jones was primarily responsible for assembling the data 

used for developing the annual estimates of historical groundwater 

pumpage from 1930 to 2010, for assembling the historical water 

levels, and for constructing the well database used to help spatially 

assign historical pumping to locations. In addition, Ms. Jones guided 

the construction of the geodatabase for the project.  

   September 14, 2018 

Dr. Thomas Ewing was responsible for analyzing geophysical logs in 

order to map the location of faults associated with the Milano Fault 

Zone. The mapping included resolving the Milano Fault Zone into 

one complex (Kovar Complex) and four grabens (the Paige Graben, 

the Tanglewood Graben, the Calvert Graben, and the South Kosse 

Graben). Dr. Ewing also estimated the vertical offsets associated 

with each fault. 

  September 14, 2018 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol 1 - iv 

This page is intentionally blank. 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - v 

TABLE OF CONTENTS  
VOLUME 1  

1 Executive Summary ............................................................................................................ 1 

2 Introduction ......................................................................................................................... 5 

2.1 Background .............................................................................................................. 7 

2.2 Study Area ................................................................................................................ 8 

2.3 Topography and Climate ........................................................................................ 13 

2.4 Geology .................................................................................................................. 16 

2.5 Report Organization ............................................................................................... 19 

3 Updates to the Conceptual Model ..................................................................................... 21 

3.1 The Milano Fault Zone ........................................................................................... 21 

3.1.1 Previous Studies of the Milano Fault Zone............................................... 21 

3.1.2 Characterization of the Milano Fault Zone ............................................... 24 

3.1.3 Representation of the Milano Fault Zone in the Groundwater Model ...... 50 

3.1.4 Assessment of Milano Fault Zone on Aquifer Transmissivity ................. 52 

3.1.5 Summary and Recommendations for the Milano Fault Zone ................... 64 

3.2 Historical Pumping ................................................................................................. 65 

3.2.1 Development of Pumping Dataset ............................................................ 68 

3.2.2 Development of Pumping by Type ........................................................... 73 

3.2.3 Assignment of Wells to Model Grid ......................................................... 94 

3.2.4 Assignment of Pumping to Model Grid .................................................... 96 

3.3 Recharge Estimates ................................................................................................ 98 

3.3.1 Previous Studies of Recharge ................................................................... 98 

3.3.2 Hydrograph Separation Methods .............................................................. 99 

3.3.3 Recharge Calculation from Base Flow ................................................... 102 

3.3.4 Development of Recharge Through Model Calibration ......................... 108 

3.3.5 Approach for Calculation of Recharge Rates for the Updated  

Groundwater Availability Model ............................................................ 113 

3.4 Surface Water and Groundwater Interaction ........................................................ 116 

3.4.1 Addition of Model Layers to Represent Shallow, Local-Scale 

Groundwater Flow .................................................................................. 118 

3.4.2 Addition of Grid Refinement in the Vicinity of the Colorado and  

Brazos Rivers .......................................................................................... 121 

3.5 Conceptual Model of Groundwater Flow ............................................................. 124 

4 Model Overview and Packages ....................................................................................... 127 

4.1 Basic Package ....................................................................................................... 128 

4.2 Discretization Package ......................................................................................... 128 

4.2.1 Model Grid Specifications ...................................................................... 128 

4.2.2 Stress Period Setup ................................................................................. 140 

4.3 Layer-Property Flow Package .............................................................................. 141 

4.3.1 Hydraulic Property Zones ....................................................................... 141 

4.3.2 Hydraulic Property Values in the Calibrated Model............................... 142 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - vi 

4.3.3 Hydraulic Property Information and Data Used for Model Calibration . 159 

4.4 Well Package ........................................................................................................ 165 

4.4.1 Treatment of Minimum Saturated Thickness by MODFLOW-USG ..... 165 

4.4.2 Pumping Distribution for the Brazos River Alluvium Aquifer .............. 165 

4.4.3 Pumping Distribution for the Shallow Groundwater Flow System ........ 166 

4.5 Drain Package ....................................................................................................... 166 

4.6 Recharge Package ................................................................................................. 168 

4.7 General-Head Boundary Package ........................................................................ 175 

4.8 River Package ....................................................................................................... 176 

4.9 Evapotranspiration Package ................................................................................. 177 

4.10 Horizontal Flow Barrier Package ......................................................................... 179 

4.11 Ghost Node Correction Package .......................................................................... 179 

4.12 Output Control File .............................................................................................. 180 

4.13 Solver .................................................................................................................... 180 

5 Model Calibration and Results........................................................................................ 181 

5.1 Calibration Procedure ........................................................................................... 181 

5.2 Hydraulic Head Calibration Targets ..................................................................... 186 

5.3 -Model Simulated Versus Measured Heads ......................................................... 193 

5.3.1 Calibration Metrics for Hydraulic Head Targets .................................... 193 

5.3.2 Statistics and Scatter Plots for Hydraulic Head Residuals for  

Steady-State Conditions .......................................................................... 194 

5.3.3 Statistics and Scatter Plots for Hydraulic Head Residuals for  

Transient Conditions ............................................................................... 202 

5.3.4 Contours of Simulated Hydraulic Head .................................................. 217 

5.3.5 Simulated Drawdowns ............................................................................ 245 

5.3.6 Simulated Hydrographs .......................................................................... 251 

5.4 Model Simulated Surface Water-Groundwater Interaction .................................. 263 

5.4.1 Surface Water-Groundwater Interaction for Steady-State Conditions ... 264 

5.4.2 Surface Water-Groundwater Interaction for the Transient Conditions ... 265 

5.5 Model Simulated Water Budget ........................................................................... 268 

5.5.1 Steady-State Water Budgets ................................................................... 268 

5.5.2 Transient Water Budgets......................................................................... 271 

6 Sensitivity Analysis ........................................................................................................ 285 

6.1 Sensitivity Analysis Procedure ............................................................................. 285 

6.2 Sensitivity Analysis Results ................................................................................. 287 

6.2.1 Steady-State Sensitivities ........................................................................ 287 

6.2.2 Transient Sensitivities ............................................................................. 318 

7 Model Limitations ........................................................................................................... 347 

7.1 Limi tations of Supporting Data ............................................................................ 347 

7.2 Assessment of Assumptions ................................................................................. 349 

7.3 Limitations of Model Applicability ...................................................................... 350 

8 Summary and Conclusions ............................................................................................. 353 

8.1 Updates to the Conceptual Model ........................................................................ 353 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - vii  

8.1.1 Milano Fault Zone................................................................................... 353 

8.1.2 Historical pumping.................................................................................. 354 

8.1.3 Recharge ................................................................................................. 354 

8.1.4 Surface Water-Groundwater Interaction ................................................. 355 

8.2 Updates to Numerical Model ............................................................................... 356 

8.2.1 Model Construction ................................................................................ 356 

8.2.2 Hydrogeologic Unit Hydraulic Properties and Hydraulic Boundary 

Conditions ............................................................................................... 356 

8.3 Model Calibration ................................................................................................. 357 

8.4 Model Sensitivity Analysis .................................................................................. 357 

9 Future Model Implementation Improvements ................................................................ 359 

9.1 Additional Supporting Data.................................................................................. 359 

9.2 Additional Model Improvements ......................................................................... 360 

10 Acknowledgements ......................................................................................................... 361 

11 References ....................................................................................................................... 363 

 

VOLUME 2  

12 Appendix A: Locations and Specifications for Wells Used for 113 Aquifer Pumping  

Test Interpretations ............................................................................................................. 1 

13 Appendix B: Cooper-Jacob Analysis to Calculate Transmissivity Values for  

113 Aquifer Pumping Tests ................................................................................................ 7 

14 Appendix C: Cooper-Jacob Analysis to Calculate Transmissivity Values for  

Simulated Aquifer Pumping Test Data Using the Analytical Element Model TTim ....... 33 

15 Appendix D: Bar Charts Showing Pumping from 1930 to 2010 for Counties outside  

of Groundwater Management Area 12 ............................................................................. 39 

16 Appendix E: Results of Aquifer Pumping Tests Performed by the Vista Ridge Project .. 51 

17 Appendix F: Tabulation of Pumping in the Well Package from 1930 to 2010 by  

County and Hydrogeologic Unit ....................................................................................... 53 

18 Appendix G: Maps Showing Pumping Rate per Grid Cell for Each Hydrogeologic  

Unit for 1950, 1970, 1990, and 2010 ................................................................................ 83 

19 Appendix H: Attributes Associated with the Model Drain Cells Table Provided 

Electronically .................................................................................................................. 121 

20 Appendix I: Attributes Associated with the General-Head Boundary Cells Table  

Provided Electronically ................................................................................................... 123 

21 Appendix J: Attributes Associated with the River Cells Table Provided Electronically 125 

22 Appendix K: Attributes Associated with the Evapotranspiration Cells Table  

Provided Electronically ................................................................................................... 127 

23 Appendix L: Residual Histograms .................................................................................. 129 

24 Appendix M: Observed Versus Simulated Hydrographs................................................ 135 

25 Appendix N: Steady-State Water Budgets by County and Layer ................................... 191 

26 Appendix O: Steady-State Water Budgets by County and Hydrogeologic Unit ............ 209 

27 Appendix P: Steady-State Water Budgets by Groundwater Conservation District  

and Layer ........................................................................................................................ 227 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - viii  

28 Appendix Q: Steady-State Water Budgets by Groundwater Conservation District  

and Hydrogeologic Unit .................................................................................................. 235 

29 Appendix R: Transient Water Budgets by County and Layer ........................................ 243 

30 Appendix S: Transient Water Budgets by County and Hydrogeologic Unit .................. 337 

31 Appendix T: Transient Water Budgets by Groundwater Conservation District  

and Layer ........................................................................................................................ 425 

32 Appendix U: Transient Water Budgets by Groundwater Conservation District  

and Hydrogeologic Unit .................................................................................................. 467 

33 Appendix V: Fault Report Comment Responses ............................................................ 507 

34 Appendix W: Draft Model Report Comment Responses ............................................... 521   



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - ix 

LIST OF FIGURES 
Figure 2.0a. Major Texas aquifers (TWDB, 2006). ............................................................... 5 

Figure 2.0b. Minor Texas aquifers (TWDB, 2017a). ............................................................. 6 

Figure 2.2a. Location of the active model area for the groundwater availability model for 

the central portion of the Carrizo-Wilcox, Queen City, and Sparta aquifers 

(Kelley and others, 2004) and Groundwater Management Area (GMA) 12 

(TWDB, 2014a).................................................................................................. 8 

Figure 2.2b. Cities, towns and major roads in the active model area (Texas Natural 

Resources Information System, 2016, 2017). .................................................... 9 

Figure 2.2c. Rivers, lakes, reservoirs, and river basins in the active model area  

(TWDB, 2009; TWDB, 2014b, c). ................................................................... 10 

Figure 2.2d. Groundwater management areas (GMAs) and regional water planning  

areas in the active model area (TWDB, 2014a). .............................................. 11 

Figure 2.2e. Groundwater conservation districts (GCDs) in the active model area  

(TWDB, 2017b). .............................................................................................. 12 

Figure 2.3a. Topographic map of the active model area (United States Geological  

Survey, 2014). .................................................................................................. 13 

Figure 2.3b. Average annual precipitation (1981 to 2010) in the study area in inches  

per year (PRISM Climate Group, 2015). ......................................................... 14 

Figure 2.3c. Average annual lake pan evaporation (1981 to 2010) in the study area in  

inches per year (TWDB, 2018). ....................................................................... 15 

Figure 2.4a. Map of major faults and structural features in the vicinity of the model  

area. Wilcox and Balcones Fault Zones modified from Ewing and others 

(1990), Milano Fault Zone developed by this study; and structural axes 

modified from Guevara and Garcia (1972), Galloway (1982), and  

Galloway and others (2000). ............................................................................ 17 

Figure 2.4b. Surface geology of the model area from the Geologic Atlas of Texas  

(Barnes, 1970, 1979, 1981; Stoeser and others, 2007)..................................... 18 

Figure 3.1.1a. Faults identified by Ayers and Lewis (1985) located in the model domain  

for the groundwater availability model for the central portion of the  

Carrizo-Wilcox, Queen City, and Sparta aquifers. .......................................... 22 

Figure 3.1.1b. Faults identified by Ewing and others (1990) located in the model domain  

for the groundwater availability model for the central portion of the  

Carrizo-Wilcox, Queen City, and Sparta aquifers. .......................................... 23 

Figure 3.1.1c. Faults identified from the Geologic Atlas of Texas (Stoeser and others,  

2007) located in the model domain for the groundwater availability model  

for the central portion of the Carrizo-Wilcox, Queen City, and Sparta  

aquifers. ............................................................................................................ 24 

Figure 3.1.2a. Geophysical signature of the Navarro Group on both the spontaneous  

potential and resistivity logs. ........................................................................... 26 

Figure 3.1.2b. Faults mapped onto the top of the Navarro Group determined primarily  

from the top of the Navarro Group picks from 656 geophysical logs with  

fault traces mapped on Geologic Atlas of Texas sheets (Barnes, 1970, 1979, 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - x 

1981). Fault arrows point to the down-thrown side of the fault. Numerical 

values indicate fault offset in feet. ................................................................... 27 

Figure 3.1.2c. Schematic representation of how fault-cut logs are identified. Log #1  

intersects all three portions of Sections A, B and C. Log #2 intersects all of 

Section A, the top part of Section B on the down-thrown side and the bottom 

part of Section B on the up-thrown side, and all of Section C. Log #3  

intersects all three portions of Sections A, B, and C. Using all three of these 

logs together, geologists can piece together missing sections within  

geologic units. The amount of missing section is referred to as a fault cut  

and can be used as a quantitative way to characterize the offset associated  

with faults. ........................................................................................................ 28 

Figure 3.1.2d. Six logs containing fault cuts. Location of logs are shown in Figure 3.1.2g. .. 29 

Figure 3.1.2e. Navarro Group and Simsboro Formation faults mapped by this study.  

Arrows on fault lines point to the down-thrown side of the fault. ................... 30 

Figure 3.1.2f. Simsboro Formation faults from this study mapped with faults from Ayers  

and Lewis (1985) and from the Geologic Atlas of Texas sheets of Barnes 

(1970, 1979, 1981) as presented by Stoeser and others (2007). ...................... 31 

Figure 3.1.2g. Plan view map of the Milano Fault Zone showing the five named major  

areas of faulting, locations of cross-sections that transect the fault zone,  

and locations of fault cut wells shown in Figure 3.1.2d................................... 32 

Figure 3.1.2.1a. Simsboro Formation faults and estimated fault offset (in feet) in the Kovar 

Complex in Bastrop and Fayette counties. Fault arrows point to the down-

thrown side of the fault. The wells are labeled with their American  

Petroleum Institute number. ............................................................................. 34 

Figure 3.1.2.1b. Cross-section A-Aǋ through the Kovar Complex showing the top surface  

of selected formations and mapped fault locations based on interpretation  

of geophysical logs in and near cross-section A-Aǋ. ........................................ 35 

Figure 3.1.2.2a. Simsboro Formation faults and estimated fault offset (in feet) in the Paige 

Graben in Bastrop and Lee counties. Fault arrows point to the down-thrown 

side of the fault. The wells are labeled with their American Petroleum  

Institute number. .............................................................................................. 37 

Figure 3.1.2.2b. Cross-section B-Bǋ through the southern portion of the Paige Graben  

showing the top surface of selected formations and mapped fault locations 

based on interpretation of geophysical logs in and near cross-section B-Bǋ. ... 38 

Figure 3.1.2.2c. Cross-section C-Cǋ through the northeastern portion of the Paige Graben 

showing the top surface of selected formations and mapped fault locations 

based on interpretation of geophysical logs in and near cross-section C-Cǋ. ... 39 

Figure 3.1.2.3a. Simsboro Formation faults and estimated fault offset (in feet) in the 

Tanglewood Graben in Lee, Milam and Burleson counties. Fault arrows  

point to the down-thrown side of the fault. The wells are labeled with their 

American Petroleum Institute number. ............................................................ 42 

  



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xi 

Figure 3.1.2.3b. Cross-section D-Dǋ through the southern portion of the Tanglewood  

Graben showing the top surface of selected formations and mapped fault 

locations based on interpretation of geophysical logs in and near cross- 

section D-Dǋ. .................................................................................................... 43 

Figure 3.1.2.3c. Cross-section E-Eǋ through the middle portion of the Tanglewood Graben 

showing the top surface of selected formations and mapped fault locations 

based on interpretation of geophysical logs in and near cross-section E-Eǋ. ... 44 

Figure 3.1.2.3d. Cross-section F-Fǋ through the northeastern portion of the Tanglewood  

Graben showing the top surface of selected formations and mapped fault 

locations based on interpretation of geophysical logs in and near cross- 

section F-Fǋ. ...................................................................................................... 45 

Figure 3.1.2.4a. Simsboro Formation faults and estimated fault offset (in feet) in the South  

(S.) Kosse and Calvert Grabens in Robertson County. Fault arrows point to  

the down-thrown side of the fault. The wells are labeled with their  

American Petroleum Institute number. ............................................................ 47 

Figure 3.1.2.4b. Cross-section G-Gǋ through the Calvert Graben showing the top surface of 

selected formations and mapped fault locations based on interpretation of 

geophysical logs in and near cross-section G-Gǋ. ............................................ 48 

Figure 3.1.2.4c. Cross-section H-Hǋ through the South Kosse Graben showing the top  

surface of selected formations and mapped fault locations based on 

interpretation of geophysical logs in and near cross-section H-Hǋ. ................. 49 

Figure 3.1.3a. Sealing faults in the groundwater availability model (GAM) for the central 

portion of the Carrizo-Wilcox, Queen City, and Sparta aquifers and the 

Simsboro Formation faults from this study sampled onto the groundwater 

availability model grid and color-coded based on the amount of offset  

between the Simsboro Formation updip and downdip of the fault. ................. 51 

Figure 3.1.4.1a. Location of wells with aquifer pumping test data and the faults identified  

by this study mapped to the numerical grid of the groundwater availability 

model for the central portion of the Carrizo-Wilcox, Queen City, and  

Sparta aquifers. ................................................................................................. 55 

Figure 3.1.4.1b. Four example applications of the Cooper-Jacob analysis to calculate 

transmissivity for aquifer test classified as (a) ñno change,ò (b) ñsmall 

decrease,ò (c) ñlarge decrease,ò and (d) ñincreaseò in calculated  

transmissivity values over time. ....................................................................... 56 

Figure 3.1.4.1c. Location of aquifer pumping tests near faults in Milam County that  

produced a CJSL-calculated late-time transmissivity value less than the  

early-time transmissivity value, which provides a line of evidence that  

faults could be affecting groundwater flow. For aquifer tests AT-98P and  

AT-95P, the values for the late-to early-time transmissivity ratio are 0.33  

and 0.50, respectively. ...................................................................................... 57 

  



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xii  

Figure 3.1.4.1d. Location of aquifer pumping tests near faults in Lee County that produced  

a CJSL-calculated late-time transmissivity value less than the early-time 

transmissivity value, which provides a line of evidence that faults could  

be affecting groundwater flow. For aquifer tests AT-75C and AT-13P, the 

values for the late-to early-time transmissivity ratio are 0.58 and 0.38, 

respectively. ..................................................................................................... 58 

Figure 3.1.4.1e. Location of aquifer pumping tests near faults in Bastrop County that  

produced a CJSL-calculated late-time transmissivity value less than the  

early-time transmissivity value, which provides a line of evidence that faults 

could be affecting groundwater flow. For aquifer tests AT-20C and AT-18P, 

the values for the late-to early-time transmissivity ratio are 0.60 and 0.50, 

respectively. ..................................................................................................... 59 

Figure 3.1.4.1f. Location of aquifer pumping tests near faults in Burleson County that  

produced a CJSL-calculated late-time transmissivity value equal to or  

greater than the early-time transmissivity value, which provides little  

evidence that faults could be affecting groundwater flow. For aquifer tests  

AT-43C, AT-19C, and AT-42C, the values for the late-to early-time 

transmissivity ratio are 1.82, 1.0, and 1.0, respectively. .................................. 60 

Figure 3.1.4.1g. Spatial distribution of aquifer tests performed in the Carrizo-Wilcox  

Aquifer categorized based on the late-to early-time transmissivity ratio. ....... 61 

Figure 3.1.4.2a Location of aquifer pumping tests for which TTim-generated time- 

drawdown data were analyzed using the Cooper-Jacob method. .................... 63 

Figure 3.2a. Flow chart showing the data sources and analyses used to assign  

historical pumping to the model grid. .............................................................. 67 

Figure 3.2.2.7a. Bar chart of combined pumping from the Carrizo-Wilcox, Queen City,  

and Sparta aquifers by type for 10-year intervals from 1930 through 1949  

and 5-year intervals from 1950 through 2010 for (a) Bastrop and (b) Brazos 

counties. ........................................................................................................... 86 

Figure 3.2.2.7b. Bar chart of combined pumping from the Carrizo-Wilcox, Queen City,  

and Sparta aquifers by type for 10-year intervals from 1930 through 1949  

and 5-year intervals from 1950 through 2010 for (a) Burleson and (b) Falls 

counties. ........................................................................................................... 87 

Figure 3.2.2.7c. Bar chart of combined pumping from the Carrizo-Wilcox, Queen City, and 

Sparta aquifers by type for 10-year intervals from 1930 through 1949 and  

5-year intervals from 1950 through 2010 for (a) Fayette and (b) Freestone 

counties. ........................................................................................................... 88 

Figure 3.2.2.7d. Bar chart of combined pumping from the Carrizo-Wilcox, Queen City,  

and Sparta aquifers by type for 10-year intervals from 1930 through 1949  

and 5-year intervals from 1950 through 2010 for (a) Lee and (b) Leon  

counties. ........................................................................................................... 89 

  



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xiii  

Figure 3.2.2.7e. Bar chart of combined pumping from the Carrizo-Wilcox, Queen City,  

and Sparta aquifers by type for 10-year intervals from 1930 through 1949  

and 5-year intervals from 1950 through 2010 for (a) Limestone and (b) 

Madison counties. ............................................................................................ 90 

Figure 3.2.2.7f. Bar chart of combined pumping from the Carrizo-Wilcox, Queen City, and 

Sparta aquifers by type for 10-year intervals from 1930 through 1949 and  

5-year intervals from 1950 through 2010 for (a) Milam and (b) Navarro 

counties. ........................................................................................................... 91 

Figure 3.2.2.7g. Bar chart of combined pumping from the Carrizo-Wilcox, Queen City, and 

Sparta aquifers by type for 10-year intervals from 1930 through 1949 and  

5-year intervals from 1950 through 2010 for (a) Robertson and (b)  

Williamson counties. ........................................................................................ 92 

Figure 3.2.2.7h. Bar chart of combined pumping from the Carrizo-Wilcox, Queen City, and 

Sparta aquifers by type for 10-year intervals from 1930 through 1949 and  

5-year intervals from 1950 through 2010 for all Groundwater Management 

Area (GMA) 12 counties. ................................................................................. 93 

Figure 3.2.2.8a. Bar chart of total pumping from the Colorado River alluvium by type for  

10-year intervals from 1930 through 1949 and 5-year intervals from 1950 

through 2010. ................................................................................................... 94 

Figure 3.2.3a. Cumulative distribution function and histogram of available screened  

lengths. ............................................................................................................. 96 

Figure 3.2.4a. Pumping magnitude summed from 1930 through 2010 for counties in 

Groundwater Management Area (GMA) 12 for which entity specific  

pumping could and could not be assigned to a well or wells and  

unspecified pumping by type. .......................................................................... 97 

Figure 3.3.2.1a. Location of the 55 United States Geologic Survey (USGS) river gages 

considered for analysis using hydrograph separation to calculate base flow. 100 

Figure 3.3.2.1b. Mean base flow from the Base Flow Index Program (BFI) analysis for  

river gage 08041500 for different values of the N parameter, which shows  

that the greatest change in slope occurs for an N value of 9. ......................... 101 

Figure 3.3.3a. Long-term average annual recharge calculated from hydrograph  

separation using the Base Flow Index Program. ............................................ 105 

Figure 3.3.3b. Long-term average annual recharge calculated from hydrograph  

separation using the Baseflow Program. The twelve watersheds outlined  

in black are those listed in Table 3.3.4a. ........................................................ 106 

Figure 3.3.3c. Regression of recharge versus annual precipitation values produced by  

the application of the Base Flow Index Program and Baseflow Program 

hydrograph separation techniques for river gage 8111000 on the Navasota 

River in Brazos County and river gage 8065200 on the Upper Keechi  

Creek in Leon County. ................................................................................... 107 

  



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xiv 

Figure 3.3.4.2a. Schematic showing groundwater flow toward a stream at sequential times. 

Water levels during average flow conditions at a gaining stream (A).  

Increase in stream elevation during a flooding event causes hydraulic  

gradient reversal at stream-aquifer interface. Streamflow enters aquifer and 

becomes bank storage in stream bank (B and C). Decrease in stream elevation 

after a flooding event. Bank storage flows back to the stream as bank flow  

as water level in the stream lowers over time (D and E). Water levels in  

stream and aquifer return to conditions that existed prior to flood event (F). 112 

Figure 3.3.5a. Recharge-precipitation data and regression fits developed for the different 

precipitation percentiles. The attributes associated with the regressions are 

provided in Table 3.3.5a................................................................................. 116 

Figure 3.4a Schematic illustration of the different spatial and time scales of  

groundwater flow paths (Winter and others, 1999). ...................................... 117 

Figure 3.4.1a. Areal extent of the Colorado River alluvium mapped onto the numerical  

grid for the updated groundwater availability model for the central portion  

of the Carrizo-Wilcox, Queen City, and Sparta aquifers. .............................. 119 

Figure 3.4.1b. Vertical cross-section for the updated model showing the model layers in  

the upper 400 feet along transect A-Aᾳ shown in Figure 3.4.1a. .................... 120 

Figure 3.4.1c. Vertical cross-section for the updated model showing the model layers in  

the upper 400 feet along transect B-Bᾳ shown in Figure 3.4.1a. .................... 120 

Figure 3.4.2a. Numerical grid showing the uniform 1-mile by 1-mile square grid cells in  

the 2004 groundwater availability model for the central portion of the 

 Carrizo-Wilcox, Queen City, and Sparta aquifers (left) and the locally- 

refined grid with 0.25-mile by 0.25-mile square grid cells in the vicinity  

of the Colorado River and its major tributaries in the updated model  

(right).............................................................................................................. 122 

Figure 3.4.2b. Numerical grid showing the uniform 1-mile by 1-mile square grid cells in  

the 2004 groundwater availability model for the central portion of the  

Carrizo-Wilcox, Queen City, and Sparta aquifers (left) and the locally- 

refined grid with 0.5-mile by 0.5-mile square grid cells in the vicinity  

of the Brazos River and its major tributaries in the updated model (right).... 123 

Figure 3.5a. Conceptual groundwater flow model for the updated groundwater  

availability model for the central portion of the Carrizo-Wilcox, Queen  

City, and Sparta aquifers. ............................................................................... 125 

Figure 4.2.1a. Elevation of the top of model layer 1 (alluvium) in feet (ft) above mean  

sea level (amsl). .............................................................................................. 130 

Figure 4.2.1b. Elevation of the top of model layer 2 in feet (ft) above mean sea level  

(amsl).............................................................................................................. 131 

Figure 4.2.1c. Elevation of the top of model layer 3 in feet (ft) above mean sea level  

(amsl), which represents the downdip region of the Sparta Aquifer.............. 131 

Figure 4.2.1d. Elevation of the top of model layer 4 in feet (ft) above mean sea level  

(amsl), which represents the downdip region of the Weches Formation. ...... 132 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xv 

Figure 4.2.1e. Elevation of the top of model layer 5 in feet (ft) above mean sea level  

(amsl), which represents the downdip region of the Queen City Aquifer. .... 132 

Figure 4.2.1f. Elevation of the top of model layer 6 in feet (ft) above mean sea level  

(amsl), which represents the downdip region of the Reklaw Formation. ...... 133 

Figure 4.2.1g. Elevation of the top of model layer 7 in feet (ft) above mean sea level  

(amsl), which represents the downdip region of the Carrizo Aquifer. ........... 133 

Figure 4.2.1h. Elevation of the top of model layer 8 in feet (ft) above mean sea level  

(amsl), which represents the downdip region of the Calvert Bluff  

Formation. ...................................................................................................... 134 

Figure 4.2.1i. Elevation of the top of model layer 9 in feet (ft) above mean sea level  

(amsl), which represents the downdip region of the Simsboro Formation. ... 134 

Figure 4.2.1j. Elevation of the top of model layer 10 in feet (ft) above mean sea level  

(amsl), which represents the downdip region of the Hooper Formation........ 135 

Figure 4.2.1k. Spatial distribution of the hydrogeologic units that comprise model layer 2. 135 

Figure 4.2.1l. Locations of vertical cross-sections A-Aᾳ, B-Bᾳ, and C-Cᾳ that show the  

model layers. .................................................................................................. 136 

Figure 4.2.1m. Vertical cross-section showing the model layers along dip cross-section  

A-Aᾳ. ............................................................................................................... 137 

Figure 4.2.1n. Vertical cross-section showing the model layers along dip cross-section  

B-Bᾳ. ............................................................................................................... 138 

Figure 4.2.1o. Vertical cross-section showing the model layers along strike cross-section  

C-Cᾳ. ............................................................................................................... 139 

Figure 4.3.2a. Horizontal hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Colorado and Brazos rivers alluvium in model  

layer 1. ............................................................................................................ 144 

Figure 4.3.2b. Horizontal hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Sparta Aquifer in model layers 2 and 3. ................... 144 

Figure 4.3.2c. Horizontal hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Weches Formation in model layers 2 and 4.............. 145 

Figure 4.3.2d. Horizontal hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Queen City Aquifer in model layers 2 and 5. ........... 145 

Figure 4.3.2e. Horizontal hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Reklaw Formation in model layers 2 and 6. ............. 146 

Figure 4.3.2f. Horizontal hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Carrizo Aquifer in model layers 2 and 7. ................. 146 

Figure 4.3.2g. Horizontal hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Calvert Bluff Formation in model layers 2 and 8. .... 147 

Figure 4.3.2h. Horizontal hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Simsboro Formation in model layers 2 and 9. .......... 147 

Figure 4.3.2i. Horizontal hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Hooper Formation in model layers 2 and 10. ........... 148 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xvi 

Figure 4.3.2j. Horizontal hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for model layer 2, which represents the shallow  

groundwater flow system. .............................................................................. 148 

Figure 4.3.2k. Vertical hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Colorado and Brazos rivers alluvium in model  

layer 1. ............................................................................................................ 149 

Figure 4.3.2l. Vertical hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Sparta Aquifer in model layers 2 and 3. ................... 149 

Figure 4.3.2m. Vertical hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Weches Formation in model layers 2 and 4.............. 150 

Figure 4.3.2n. Vertical hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Queen City Aquifer in model layers 2 and 5. ........... 150 

Figure 4.3.2o. Vertical hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Reklaw Formation in model layers 2 and 6. ............. 151 

Figure 4.3.2p. Vertical hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Carrizo Aquifer in model layers 2 and 7. ................. 151 

Figure 4.3.2q. Vertical hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Calvert Bluff Formation in model layers 2 and 8. .... 152 

Figure 4.3.2r. Vertical hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Simsboro Formation in model layers 2 and 9. .......... 152 

Figure 4.3.2s. Vertical hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for the Hooper Formation in model layers 2 and 10. ........... 153 

Figure 4.3.2t. Vertical hydraulic conductivity values in the calibrated model in feet  

per day (ft/day) for model layer 2, which represents the shallow  

groundwater flow system. .............................................................................. 153 

Figure 4.3.2u. Specific storage value in the calibrated model in feet-1 for the Colorado  

and Brazos rivers alluvium in model layer 1. ................................................ 154 

Figure 4.3.2v. Specific storage values in the calibrated model in feet-1 for the Sparta  

Aquifer in model layers 2 and 3. .................................................................... 154 

Figure 4.3.2w. Specific storage values in the calibrated model in feet-1 for the Weches 

Formation in model layers 2 and 4. ................................................................ 155 

Figure 4.3.2x. Specific storage values in the calibrated model in feet-1 for the Queen  

City Aquifer in model layers 2 and 5. ............................................................ 155 

Figure 4.3.2y. Specific storage values in the calibrated model in feet-1 for the Reklaw 

Formation in model layers 2 and 6. ................................................................ 156 

Figure 4.3.2z. Specific storage values in the calibrated model in feet-1 for the Carrizo  

Aquifer in model layers 2 and 7. .................................................................... 156 

Figure 4.3.2aa. Specific storage values in the calibrated model in feet-1 for the Calvert  

Bluff Formation model layers 2 and 8. .......................................................... 157 

Figure 4.3.2bb. Specific storage values in the calibrated model in feet-1 for the Simsboro 

Formation in model layers 2 and 9. ................................................................ 157 

Figure 4.3.2cc. Specific storage values in the calibrated model in feet-1 for the Hooper 

Formation in model layers 2 and 10. .............................................................. 158 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xvii  

Figure 4.3.2dd. Specific storage values in the calibrated model in feet-1 for model layer 2, 

which represents the shallow groundwater flow system. ............................... 158 

Figure 4.5a. Locations of major rivers and perennial and ephemeral streams in the  

outcrop areas based on United States Geological Survey national  

hydrograph data. ............................................................................................. 167 

Figure 4.5b. Location of drain cells representing ephemeral streams in the model. .......... 168 

Figure 4.6a. Spatial distribution of recharge in inches per year for steady-state  

conditions. ...................................................................................................... 173 

Figure 4.6b. Spatial distribution of recharge in inches per year for 1950. ......................... 173 

Figure 4.6c. Spatial distribution of recharge in inches per year for 1970. ......................... 174 

Figure 4.6d. Spatial distribution of recharge in inches per year for 1990. ......................... 174 

Figure 4.6e. Spatial distribution of recharge in inches per year for 2010. ......................... 175 

Figure 4.7a. Areal footprint showing the locations of general-head boundary cells.......... 176 

Figure 4.8a. Locations of river cells. .................................................................................. 177 

Figure 4.9a. Maximum evapotranspiration rate in inches per year for  

evapotranspiration cells. ................................................................................. 178 

Figure 4.9b. Extinction depth in feet for evapotranspiration cells. .................................... 179 

Figure 5.1a. Location of pilot points used for developing conductance values for  

general-head boundary, drain, and river cells. ............................................... 185 

Figure 5.1b. Location of pilot points used for developing horizontal and vertical  

hydraulic conductivity values for model layers 2 through 10. ....................... 185 

Figure 5.2a. Spatial distribution of hydraulic heads targets for steady-state conditions. ... 189 

Figure 5.2b. Spatial distribution of wells with pre-1950 hydraulic heads that were not  

used as steady-state calibration targets because their head value was 

significantly different from the head value in nearby wells ........................... 190 

Figure 5.2c. Example of head measurements removed during development of  

transient calibration targets. ........................................................................... 191 

Figure 5.2d. Spatial distribution of hydraulic heads targets for transient conditions  

from 1930 to 2010. ......................................................................................... 192 

Figure 5.3.2a. Scatter plot of simulated versus observed hydraulic heads for 522  

calibration targets across the entire model for the steady-state period. ......... 197 

Figure 5.3.2b.  Scatter plots of simulated versus observed hydraulic heads for calibration 

targets in the entire model domain, the Brazos River alluvium, the Sparta 

Aquifer, the Weches Formation, the Queen City Aquifer, and the Reklaw 

Formation across the entire model domain for the steady-state period. ........ 198 

Figure 5.3.2c.  Scatter plots of simulated versus observed hydraulic heads for calibration 

targets in the Carrizo Aquifer, the Calvert Bluff Formation, the Simsboro 

Formation, the Hooper Formation, and the shallow groundwater flow  

system across the entire model domain for the steady-state period. .............. 199 

Figure 5.3.2d.  Histograms of the hydraulic head residuals for the entire model domain,  

the Brazos River alluvium, the Sparta Aquifer, the Weches Formation, the 

Queen City Aquifer, and the Reklaw Formation the across the entire  

model domain for the steady-state period. ..................................................... 200 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xviii  

Figure 5.3.2e.  Histograms of the hydraulic head residuals for the Carrizo Aquifer, the  

Calvert Bluff Formation, the Simsboro Aquifer, the Hooper Aquifer, and  

the shallow groundwater flow system the across the entire model domain  

for the steady-state period. ............................................................................. 201 

Figure 5.3.3a. Scatter plot of the average simulated versus average observed hydraulic  

heads at each of the 467 wells in the entire model domain with calibration 

targets for the transient period 1930 to 2010. ................................................ 205 

Figure 5.3.3b. Scatter plot of the average simulated versus average observed hydraulic  

heads at each of the 267 wells in Groundwater Management Area 12 with 

calibration targets for the transient period 1930 to 2010. .............................. 206 

Figure 5.3.3c. Scatter plots of the average simulated versus average observed hydraulic  

heads at wells with calibration targets in the entire model domain, the  

Brazos River alluvium, the Sparta Aquifer, the Weches Formation, the  

Queen City Aquifer, and the Reklaw Formation for the transient period  

1930 to 2010. .................................................................................................. 207 

Figure 5.3.3d. Scatter plots of the average simulated versus average observed hydraulic  

heads at wells with calibration targets in the Carrizo Aquifer, the Calvert  

Bluff Formation, the Simsboro Formation, the Hooper Formation and the 

shallow groundwater flow system for the transient period 1930 to 2010. ..... 208 

Figure 5.3.3e. Histograms of the average hydraulic head residuals for wells in the entire 

model domain, the Brazos River alluvium, the Sparta Aquifer, the Weches 

Formation, the Queen City Aquifer, and the Reklaw Formation for the  

transient period 1930 to 2010. ........................................................................ 209 

Figure 5.3.3f. Histograms of the average hydraulic head residuals for wells in the Carrizo 

Aquifer, the Calvert Bluff Formation, the Simsboro Aquifer, the Hooper 

Aquifer, and the shallow groundwater flow system for the transient  

period 1930 to 2010. ...................................................................................... 210 

Figure 5.3.3g. Scatter plot of simulated versus observed hydraulic heads for the 11,378  

water levels used as calibration targets across the entire model for the  

transient period 1930 to 2010. ........................................................................ 211 

Figure 5.3.3h. Scatter plot of simulated versus observed hydraulic heads for the 4,767  

water levels used as calibration targets in Groundwater Management  

Area 12 for the transient period 1930 to 2010. .............................................. 212 

Figure 5.3.3i. Scatter plots of simulated versus observed hydraulic heads for all  

calibration targets in all wells in the entire model domain, the Brazos River 

alluvium, the Sparta Aquifer, the Weches Formation, the Queen City  

Aquifer, and the Reklaw Formation for the transient period 1930 to 2010. .. 213 

Figure 5.3.3j. Scatter plots of simulated versus observed hydraulic heads for all  

calibration targets in all wells in the Carrizo Aquifer, the Calvert Bluff 

Formation, the Simsboro Formation, the Hooper Formation and the  

shallow groundwater flow system for the transient period 1930 to 2010. ..... 214 

  



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xix 

Figure 5.3.3k. Histograms of the hydraulic head residuals for all calibration targets in all 

wells in the entire model domain, the Brazos River alluvium, the Sparta 

Aquifer, the Weches Formation, the Queen City Aquifer, and the Reklaw 

Formation for the transient period 1930 to 2010. .......................................... 215 

Figure 5.3.3l. Histograms of the hydraulic head residuals for all calibration targets in all 

wells in the Carrizo Aquifer, the Calvert Bluff Formation, the Simsboro 

Aquifer, the Hooper Aquifer, and the shallow groundwater flow system  

for the transient period 1930 to 2010. ............................................................ 216 

Figure 5.3.4a. Contours in feet (ft) above mean sea level (amsl) developed from simulated 

hydraulic heads for steady-state conditions in the Colorado and Brazos  

rivers alluvium with residuals for the Brazos River alluvium posted. ........... 218 

Figure 5.3.4b. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1950 in the Colorado and Brazos rivers 

alluvium. No calibration targets available for this time. ................................ 218 

Figure 5.3.4c. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1970 in the Colorado and Brazos rivers  

alluvium with residuals for the Brazos River alluvium posted. ..................... 219 

Figure 5.3.4d. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1990 in the Colorado and Brazos rivers  

alluvium with residuals for the Brazos River alluvium posted. ..................... 219 

Figure 5.3.4e. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 2010 in the Colorado and Brazos rivers  

alluvium with residuals for the Brazos River alluvium posted. ..................... 220 

Figure 5.3.4f. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for steady-state conditions in the Sparta  

Aquifer with residuals posted......................................................................... 221 

Figure 5.3.4g. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1950 in the Sparta Aquifer with residuals  

posted. ............................................................................................................ 221 

Figure 5.3.4h. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1970 in the Sparta Aquifer with residuals  

posted. ............................................................................................................ 222 

Figure 5.3.4i. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1990 in the Sparta Aquifer with residuals  

posted. ............................................................................................................ 222 

Figure 5.3.4j. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 2010 in the Sparta Aquifer with residuals  

posted. ............................................................................................................ 223 

Figure 5.3.4k. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for steady-state conditions in the Weches  

Formation with residuals posted. ................................................................... 224 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xx 

Figure 5.3.4l. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1950 in the Weches Formation with  

residuals posted. ............................................................................................. 224 

Figure 5.3.4m. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1970 in the Weches Formation with  

residuals posted. ............................................................................................. 225 

Figure 5.3.4n. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1990 in the Weches Formation with  

residuals posted. ............................................................................................. 225 

Figure 5.3.4o. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 2010 in the Weches Formation with  

residuals posted. ............................................................................................. 226 

Figure 5.3.4p. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for steady-state conditions in the Queen City 

Aquifer with residuals posted......................................................................... 227 

Figure 5.3.4q. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1950 in the Queen City Aquifer with  

residuals posted. ............................................................................................. 227 

Figure 5.3.4r. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1970 in the Queen City Aquifer with  

residuals posted. ............................................................................................. 228 

Figure 5.3.4s. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1990 in the Queen City Aquifer with  

residuals posted. ............................................................................................. 228 

Figure 5.3.4t. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 2010 in the Queen City Aquifer with  

residuals posted. ............................................................................................. 229 

Figure 5.3.4u. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for steady-state conditions in the Reklaw  

Formation with residuals posted. ................................................................... 230 

Figure 5.3.4v. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1950 in the Reklaw Formation with  

residuals posted. ............................................................................................. 230 

Figure 5.3.4w. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1970 in the Reklaw Formation with  

residuals posted. ............................................................................................. 231 

Figure 5.3.4x. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1990 in the Reklaw Formation with  

residuals posted. ............................................................................................. 231 

Figure 5.3.4y. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 2010 in the Reklaw Formation with  

residuals posted. ............................................................................................. 232 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxi 

Figure 5.3.4z. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for steady-state conditions in the Carrizo  

Aquifer with residuals posted......................................................................... 233 

Figure 5.3.4aa. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1950 in the Carrizo Aquifer with  

residuals posted. ............................................................................................. 234 

Figure 5.3.4bb. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1970 in the Carrizo Aquifer with residuals 

posted. ............................................................................................................ 234 

Figure 5.3.4cc. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1990 in the Carrizo Aquifer with residuals 

posted. ............................................................................................................ 235 

Figure 5.3.4dd. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 2010 in the Carrizo Aquifer with residuals 

posted. ............................................................................................................ 235 

Figure 5.3.4ee. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for steady-state conditions in the Calvert Bluff 

Formation with residuals posted. ................................................................... 236 

Figure 5.3.4ff. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1950 in the Calvert Bluff Formation with 

residuals posted. ............................................................................................. 237 

Figure 5.3.4gg. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1970 in the Calvert Bluff Formation with 

residuals posted. ............................................................................................. 237 

Figure 5.3.4hh. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1990 in the Calvert Bluff Formation with 

residuals posted. ............................................................................................. 238 

Figure 5.3.4ii. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 2010 in the Calvert Bluff Formation with 

residuals posted. ............................................................................................. 238 

Figure 5.3.4jj. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for steady-state conditions in the Simsboro 

Formation with residuals posted. ................................................................... 239 

Figure 5.3.4kk. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1950 in the Simsboro Formation with  

residuals posted. ............................................................................................. 240 

Figure 5.3.4ll.  Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1970 in the Simsboro Formation with  

residuals posted. ............................................................................................. 240 

Figure 5.3.4mm. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1990 in the Simsboro Formation with  

residuals posted. ............................................................................................. 241 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxii  

Figure 5.3.4nn. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 2010 in the Simsboro Formation with  

residuals posted. ............................................................................................. 241 

Figure 5.3.4oo. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for steady-state conditions in the Hooper  

Formation with residuals posted. ................................................................... 242 

Figure 5.3.4pp. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1950 in the Hooper Formation with  

residuals posted. ............................................................................................. 243 

Figure 5.3.4qq. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1970 in the Hooper Formation with  

residuals posted. ............................................................................................. 243 

Figure 5.3.4rr. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 1990 in the Hooper Formation with  

residuals posted. ............................................................................................. 244 

Figure 5.3.4ss. Contours in feet (ft) above mean sea level (amsl) developed from  

simulated hydraulic heads for 2010 in the Hooper Formation with  

residuals posted. ............................................................................................. 244 

Figure 5.3.5a. Contours of the change in hydraulic head (drawdown) in the Colorado  

River alluvium and the Brazos River alluvium from 1930 to 2010. .............. 246 

Figure 5.3.5b. Contours of the change in hydraulic head (drawdown) in the Sparta  

Aquifer from 1930 to 2010. ........................................................................... 247 

Figure 5.3.5c. Contours of the change in hydraulic head (drawdown) in the Weches 

Formation from 1930 to 2010. ....................................................................... 247 

Figure 5.3.5d. Contours of the change in hydraulic head (drawdown) in the Queen City 

Aquifer from 1930 to 2010. ........................................................................... 248 

Figure 5.3.5e. Contours of the change in hydraulic head (drawdown) in the Reklaw 

Formation from 1930 to 2010. ....................................................................... 248 

Figure 5.3.5f. Contours of the change in hydraulic head (drawdown) in the Carrizo  

Aquifer from 1930 to 2010. ........................................................................... 249 

Figure 5.3.5g. Contours of the change in hydraulic head (drawdown) in the Calvert  

Bluff Formation from 1930 to 2010. .............................................................. 249 

Figure 5.3.5h. Contours of the change in hydraulic head (drawdown) in the Simsboro 

Formation from 1930 to 2010. ....................................................................... 250 

Figure 5.3.5i. Contours of the change in hydraulic head (drawdown) in the Hooper  

Formation from 1930 to 2010. ....................................................................... 250 

Figure 5.3.6a. Hydrographs showing simulated and measured hydraulic heads (in feet  

above mean sea level) in the Post Oak Savannah Groundwater Conservation 

District at eight wells with state well numbers 5902309, 5832501,  

5832302, 5824610, 5911703, 5917103, 5911402, and 5909901. .................. 253 

Figure 5.3.6b. Hydrographs showing simulated and measured hydraulic heads (in feet  

above mean sea level) in the Post Oak Savannah Groundwater Conservation 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxiii  

District at eight wells with state well numbers 5928205, 5927716,  

5927706, 5927204, 5925503, 5925502, 5935503, 5935208. ......................... 254 

Figure 5.3.6c. Hydrographs showing simulated and measured hydraulic heads (in feet  

above mean sea level) in the Brazos Valley Groundwater Conservation  

District at eight wells with state well numbers 5911308, 5911202,  

05905301, 05904701, 05903304, 03959905, 03952504, 03952504,  

05905101. ....................................................................................................... 255 

Figure 5.3.6d. Hydrographs showing simulated and measured hydraulic heads (in feet  

above mean sea level) in the Brazos Valley Groundwater Conservation  

District at eight wells with state well numbers 5914706, 5914101,  

5913302, 5921412, 5921410, 5921209, 5921714, and 5920559. .................. 256 

Figure 5.3.6e. Hydrographs showing simulated and measured hydraulic heads (in feet  

above mean sea level) in the Lost Pines Groundwater Conservation District  

at eight wells with state well numbers 5840913, 5839905, 5949604,  

5949509, 5942106, 5941704, 5933608, and 5840808. .................................. 257 

Figure 5.3.6f. Hydrographs showing simulated and measured hydraulic heads (in feet  

above mean sea level) in the Lost Pines Groundwater Conservation District  

at eight wells with state well numbers 5846301, 5838906, 6707204,  

6705803, 5861201, 5860301, 5856104, and 5854506. .................................. 258 

Figure 5.3.6g. Hydrographs showing simulated and measured hydraulic heads (in feet  

above mean sea level) in the Mid-East Texas Groundwater Conservation 

District at eight wells with state well numbers 3843104, 3843101,  

3939301, 3932205, 6003202, 5908701, 3964901, and 3857701. .................. 259 

Figure 5.3.6h. Hydrographs showing simulated and measured hydraulic heads (in feet  

above mean sea level) in the Mid-East Texas Groundwater Conservation 

District at eight wells with state well numbers 3841203, 3826706,  

3964705, 3956902, 3955902, 3948101, 3940906, and 3850301. .................. 260 

Figure 5.3.6i. Hydrographs showing simulated and measured hydraulic heads (in feet  

above mean sea level) in the Fayette County Groundwater Conservation 

District and Groundwater Management Area 13 at eight wells with state  

well numbers 6708402, 6715403, 6733401, 6727201, 6722301, 6735201, 

6742905, and 6856101. .................................................................................. 261 

Figure 5.3.6j. Hydrographs showing simulated and measured hydraulic heads (in feet  

above mean sea level) in Groundwater Management Area 11 at eight wells 

with state well numbers 3736801, 3935705, 3733202, 3832903, 3816803, 

3463503, 3819802, and 3441406. .................................................................. 262 

Figure 5.4a. Location of five out of 12 river gages used to develop regression between 

recharge rate and annual precipitation that have watersheds with more than  

90 percent of their area in the outcrop of the model domain. ........................ 264 

  



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxiv 

Figure 5.4.2a Comparison of recharge rates (in inches per year) calculated from base  

flow for river gages 8031200, 8064800, and 8065200 based on the  

Baseflow Program analysis and adjusted Baseflow Program values, the  

Base Flow Index Program analysis, and calculated from this studyôs model  

and the 2004 groundwater availability model by Kelley and others (2004).  

The model values equal the model calculated discharge to rivers/streams. ... 267 

Figure 5.4.2b. Comparison of recharge rates (in inches per year) calculated from base  

flow for river gages 8109700 and 8111000 based on the Baseflow Program 

analysis and adjusted Baseflow Program values, the Base Flow Index  

Program analysis, and calculated from this studyôs model and the 2004 

groundwater availability model by Kelley and others (2004). The model  

values equal the model calculated discharge to rivers/streams. ..................... 268 

Figure 5.5.2a. Transient water budget for the entire model domain for model layers 1, 2,  

3 and 4. ........................................................................................................... 273 

Figure 5.5.2b. Transient water budget for the entire model domain for model layers 5, 6,  

7, and 8. .......................................................................................................... 274 

Figure 5.5.2c. Transient water budget for entire the model domain for model layers 9  

and 10. ............................................................................................................ 275 

Figure 5.5.2d. Transient water budget for Groundwater Management Area 12 for model 

layers 1, 2, 3, and 4. ....................................................................................... 276 

Figure 5.5.2e. Transient water budget for Groundwater Management Area 12 for model 

layers 5, 6, 7, and 8. ....................................................................................... 277 

Figure 5.5.2f. Transient water budget for Groundwater Management Area 12 for model 

layers 9 and 10. .............................................................................................. 278 

Figure 5.5.2g. Transient water budget for the entire model domain for the Colorado and 

Brazos rivers alluvium, Sparta Aquifer, Weches Formation, and Queen  

City Aquifer. .................................................................................................. 279 

Figure 5.5.2h. Transient water budget for the entire model domain for the Reklaw  

Formation, Carrizo Aquifer, and Calvert Bluff and Simsboro formations. ... 280 

Figure 5.5.2i. Transient water budget for the entire model domain for the Hooper  

Formation. ...................................................................................................... 281 

Figure 5.5.2j. Transient water budget for Groundwater Management Area 12 for the 

Colorado and Brazos rivers alluvium, Sparta Aquifer, Weches Formation,  

and Queen City Aquifer. ................................................................................ 282 

Figure 5.5.2k. Transient water budget for Groundwater Management Area 12 for the  

Reklaw Formation, Carrizo Aquifer, and Calvert Bluff and Simsboro 

formations. ..................................................................................................... 283 

Figure 5.5.2l. Transient water budget for Groundwater Management Area 12 for the  

Hooper Formation. ......................................................................................... 284 

Figure 6.2.1a. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells (bottom 

left), and calibration statistics (bottom right) to the horizontal hydraulic 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxv 

conductivity of the Colorado River and Brazos rivers alluvium for the  

steady-state model. ......................................................................................... 294 

Figure 6.2.1b. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells (bottom 

left), and calibration statistics (bottom right) to the vertical hydraulic 

conductivity of the Colorado River and Brazos rivers alluvium for the  

steady-state model. ......................................................................................... 295 

Figure 6.2.1c. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the horizontal 

hydraulic conductivity of the Sparta Aquifer for the steady-state model. ..... 296 

Figure 6.2.1d. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the vertical 

 hydraulic conductivity of the Sparta Aquifer for the steady-state model. .... 297 

Figure 6.2.1e. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the horizontal 

hydraulic conductivity of the Weches Formation for the steady-state model.298 

Figure 6.2.1f. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the vertical  

hydraulic conductivity of the Weches Formation for the steady-state  

model. ............................................................................................................. 299 

Figure 6.2.1g. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the horizontal 

hydraulic conductivity of the Queen City Aquifer for the steady-state  

model. ............................................................................................................. 300 

Figure 6.2.1h. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the vertical  

hydraulic conductivity of the Queen City Aquifer for the steady-state  

model. ............................................................................................................. 301 

Figure 6.2.1i.  Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells 

 (bottom left), and calibration statistics (bottom right) to the horizontal 

hydraulic conductivity of the Reklaw Formation for the steady-state  

model. ............................................................................................................. 302 

  



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxvi 

Figure 6.2.1j. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the vertical  

hydraulic conductivity of the Reklaw Formation for the steady-state  

model. ............................................................................................................. 303 

Figure 6.2.1k. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the horizontal 

hydraulic conductivity of the Carrizo Aquifer for the steady-state  

model. ............................................................................................................. 304 

Figure 6.2.1l. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the vertical  

hydraulic conductivity of the Carrizo Aquifer for the steady-state model. .... 305 

Figure 6.2.1m. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the horizontal 

hydraulic conductivity of the Calvert Bluff Formation for the steady- 

state model. .................................................................................................... 306 

Figure 6.2.1n. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the vertical  

hydraulic conductivity of the Calvert Bluff Formation for the steady- 

state model. .................................................................................................... 307 

Figure 6.2.1o. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the horizontal 

hydraulic conductivity of the Simsboro Formation for the steady-state  

model. ............................................................................................................. 308 

Figure 6.2.1p. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the vertical  

hydraulic conductivity of the Simsboro Formation for the steady-state  

model. ............................................................................................................. 309 

Figure 6.2.1q. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the horizontal 

hydraulic conductivity of the Hooper Formation for the steady-state  

model. ............................................................................................................. 310 

  



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxvii  

Figure 6.2.1r. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells 

 (bottom left), and calibration statistics (bottom right) to the vertical  

hydraulic conductivity of the Hooper Formation for the steady-state  

model. ............................................................................................................. 311 

Figure 6.2.1s. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the conductance  

of drain cells for the steady-state model. ....................................................... 312 

Figure 6.2.1t. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the conductance  

of river cells for the steady-state model. ........................................................ 313 

Figure 6.2.1u. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells 

 (bottom left), and calibration statistics (bottom right) to the conductance  

of general-head boundary cells for the steady-state model. ........................... 314 

Figure 6.2.1v. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the  

evapotranspiration rate of evapotranspiration cells for the steady-state  

model. ............................................................................................................. 315 

Figure 6.2.1w.  Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the extinction  

depth of evapotranspiration cells for the steady-state model. ........................ 316 

Figure 6.2.1x. Sensitivity of averaged hydraulic head in hydrogeologic units (top left), 

hydraulic boundary fluxes (top right), additional flooded grid cells  

(bottom left), and calibration statistics (bottom right) to the recharge rate  

for the steady-state model. ............................................................................. 317 

Figure 6.2.2a. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

horizontal hydraulic conductivity of the Sparta Aquifer for the transient  

model. ............................................................................................................. 322 

Figure 6.2.2b. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

vertical hydraulic conductivity of the Sparta Aquifer for the transient  

model. ............................................................................................................. 323 

Figure 6.2.2c. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

horizontal hydraulic conductivity of the Queen City Aquifer for the  

transient model. .............................................................................................. 324 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxviii  

Figure 6.2.2d. Sensitivities of averaged drawdown in hydrogeologic units (top),  

hydraulic boundary fluxes (center), and calibration statistics (bottom) to  

the vertical hydraulic conductivity of the Queen City Aquifer for the  

transient model. .............................................................................................. 325 

Figure 6.2.2e. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

horizontal hydraulic conductivity of the Carrizo Aquifer for the  

transient model. .............................................................................................. 326 

Figure 6.2.2f. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

vertical hydraulic conductivity of the Carrizo Aquifer for the transient 

 model. ............................................................................................................ 327 

Figure 6.2.2g. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

horizontal hydraulic conductivity of the Simsboro Formation for the 

 transient model. ............................................................................................. 328 

Figure 6.2.2h. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

vertical hydraulic conductivity of the Simsboro Formation for the  

transient model. .............................................................................................. 329 

Figure 6.2.2i. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

specific storage of the Sparta Aquifer for the transient model....................... 330 

Figure 6.2.2j. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

specific yield of the Sparta Aquifer for the transient model. ......................... 331 

Figure 6.2.2k. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

specific storage of the Queen City Aquifer for the transient model. ............. 332 

Figure 6.2.2l. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

specific yield of the Queen City Aquifer for the transient model. ................. 333 

Figure 6.2.2m. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

specific storage of the Carrizo Aquifer for the transient model. .................... 334 

Figure 6.2.2n. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

specific yield of the Carrizo Aquifer for the transient model. ....................... 335 

Figure 6.2.2o. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

specific storage of the Simsboro Formation for the transient model. ............ 336 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxix 

Figure 6.2.2p. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

specific yield of the Simsboro Formation for the transient model. ................ 337 

Figure 6.2.2q. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

recharge rate for the transient model. ............................................................. 338 

Figure 6.2.2r. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

conductance of drain cells for the transient model......................................... 339 

Figure 6.2.2s. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

conductance of river cells for the transient model. ........................................ 340 

Figure 6.2.2t. Sensitivities of 2010 drawdown in hydrogeologic units (top), hydraulic 

boundary fluxes (center), and calibration statistics (bottom) to the  

pumping rate for the transient model. ............................................................ 341 

Figure 6.2.2u. Hydrographs showing sensitivity of heads (in feet above mean sea level) to 

changes in the horizontal and vertical hydraulic conductivity of the Sparta 

Aquifer for select wells completed in the Sparta Aquifer. ............................. 342 

Figure 6.2.2v. Hydrographs showing sensitivity of heads (in feet above mean sea level) to 

changes in the horizontal and vertical hydraulic conductivity of the  

Queen City Aquifer for select wells completed in the Queen City Aquifer. . 343 

Figure 6.2.2w. Hydrographs showing sensitivity of heads (in feet above mean sea level) to 

changes in the horizontal and vertical hydraulic conductivity of the  

Carrizo Aquifer for select wells completed in the Carrizo Aquifer. .............. 344 

Figure 6.2.2x. Hydrographs showing sensitivity of heads (in feet above mean sea level) to 

changes in the horizontal and vertical hydraulic conductivity of the  

Simsboro Formation for select wells completed in the Simsboro Formation. 345 

 

  



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxx 

LIST OF TABLES  
Table 2.4a. Generalized stratigraphic section for the model area and corresponding 

aquifers. ............................................................................................................ 16 

Table 3.1.4.1a. Transmissivity categories used to classify wells based on the results of the 

Cooper Jacob analysis. ..................................................................................... 53 

Table 3.1.4.1b. Percentage of aquifer pumping tests that indicate that a region of low 

transmissivity is located close to the well as a function of the distance  

between the well and the closest fault. ............................................................. 54 

Table 3.1.4.2a. Comparison of Tlate/Tearly values from Cooper-Jacob analysis of observed  

and TTim-generated time-drawdown data for seven aquifer pumping tests.... 63 

Table 3.2.1.1a. Summary of historical pumping data sources. ................................................. 68 

Table 3.2.1.3a. Summary of lignite mine pumping sources. .................................................... 71 

Table 3.2.1.5a. Summary of communication efforts with municipal water suppliers. ............. 73 

Table 3.2.2.4a. Summary of mining data obtained from Nicot and others (2011). .................. 75 

Table 3.2.2.7a. Summary of combined total pumping in acre-feet from the Carrizo-Wilcox, 

Queen City, and Sparta aquifers by county for the years 1980, 1985, 1990, 

1995, 2000, 2005, and 2010. ............................................................................ 78 

Table 3.2.2.7b. Summary of combined municipal pumping in acre-feet from the Carrizo-

Wilcox, Queen City, and Sparta aquifers by county for the years 1980,  

1985, 1990, 1995, 2000, 2005, and 2010. ........................................................ 79 

Table 3.2.2.7c. Summary of combined manufacturing pumping in acre-feet from the  

Carrizo-Wilcox, Queen City, and Sparta aquifers by county for the years  

1980, 1985, 1990, 1995, 2000, 2005, and 2010. .............................................. 80 

Table 3.2.2.7d. Summary of combined mining pumping in acre-feet from the Carrizo- 

Wilcox, Queen City, and Sparta aquifers by county for the years 1980,  

1985, 1990, 1995, 2000, 2005, and 2010. ........................................................ 81 

Table 3.2.2.7e. Summary of combined power pumping in acre-feet from the Carrizo- 

Wilcox, Queen City, and Sparta aquifers by county for the years 1980,  

1985, 1990, 1995, 2000, 2005, and 2010. ........................................................ 82 

Table 3.2.2.7f. Summary of combined irrigation pumping in acre-feet from the Carrizo-

Wilcox, Queen City, and Sparta aquifers by county for the years 1980,  

1985, 1990, 1995, 2000, 2005, and 2010. ........................................................ 83 

Table 3.2.2.7g. Summary of combined livestock pumping in acre-feet from the Carrizo-

Wilcox, Queen City, and Sparta aquifers by county for the years 1980,  

1985, 1990, 1995, 2000, 2005, and 2010. ........................................................ 84 

Table 3.2.2.7h. Summary of combined rural domestic pumping in acre-feet from the  

Carrizo-Wilcox, Queen City, and Sparta aquifers by county for the years  

1980, 1985, 1990, 1995, 2000, 2005, and 2010. .............................................. 85 

Table 3.2.2.8a. Summary of total pumping in acre-feet from the Colorado River alluvium  

for the years 1980, 1985, 1990, 1995, 2000, 2005, and 2010. ......................... 93 

Table 3.3.3a. Results of the regression between logarithm of annual precipitation and  

annual estimate recharge rates calculated using the Base Flow Index and 

Baseflow programs......................................................................................... 104 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxxi 

Table 3.3.4.1a. Surface geology scaling factors used by Kelley and others (2004) and this 

study to adjust recharge base on the hydrogeologic units in the model  

outcrop area. ................................................................................................... 108 

Table 3.3.4.1b. Hydrogeologic units and calculated surface geology scaling factor for the 

watersheds associated with the 12 river gages used to develop a  

relationship between precipitation and recharge for the model. .................... 109 

Table 3.3.5a. Regressions developed for different precipitation percentiles for  

determining recharge. ..................................................................................... 113 

Table 3.3.5b. Average recharge rates for watersheds grouped into the southern, central,  

and northern regions of the model domain determined using the regression  

in Table 3.3.5a and the percentile precipitation rates for each watershed. .... 115 

Table 4.0a. Summary of model input files and filenames. ............................................... 127 

Table 4.0b. Summary of model output files and filenames. ............................................. 128 

Table 4.2.1a. Number of nodes representing each model layer. .......................................... 128 

Table 4.2.2a. Table of stress period times and durations. .................................................... 140 

Table 4.3.1a. Hydraulic property zones. .............................................................................. 141 

Table 4.3.2a. Statistical summary of the horizontal, Kh, and vertical, Kv, hydraulic 

conductivity values in feet per day for the ten hydraulic property zones in  

the calibrated model. ...................................................................................... 142 

Table 4.3.2b. Statistical summary of the specific yield, Sy, and specific storage, Ss,  

values for the ten hydraulic property zones in the calibrated model.............. 143 

Table 4.3.3.2a. Depth decay constants used to adjust hydraulic conductivity values for  

each hydraulic property zone. ........................................................................ 160 

Table 4.3.3.2b. Application of example depth decay constants. ............................................. 161 

Table 4.3.3.2c. Values used for sand fraction and the calibrated constant A1 for applying 

Equation 4-4 to generate specific storage values for each hydraulic  

property zone. ................................................................................................. 163 

Table 4.3.3.2d. Values used for sand fraction (SF) and the calibrated parameter A1 for 

applying Equation 4-4 to generate specific storage values for each  

hydraulic property zone.................................................................................. 163 

Table 4.3.3.3a. Geometric mean values for hydraulic conductivities based on values  

from Mace and others (2000) and calculated by Dutton and others (2003)  

for the central portion of the Carrizo-Wilcox Aquifer. .................................. 164 

Table 4.3.3.3b. Geometric mean and median values for hydraulic conductivities based on 

values from Mace and others (2000) for wells with a diameter greater  

than or equal to 7.5 inches for the Queen City and Sparta aquifers. .............. 164 

Table 4.3.3.3c. Geometric means for hydraulic conductivity values from aquifer tests  

for the Sparta and Carrizo aquifers and the Simsboro Formation. ................. 165 

Table 5.2a. Number of wells with hydraulic head targets for steady-state conditions. .... 186 

Table 5.2b. Number of wells with hydraulic head targets for transient conditions. ......... 188 

Table 5.3.2a. Calibration statistics for steady-state conditions for all hydraulic heads  

in the entire model domain. ............................................................................ 194 



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - xxxii  

Table 5.3.2b. Calibration statistics for steady-state conditions for hydraulic heads in 

Groundwater Management Area 12. .............................................................. 195 

Table 5.3.2c. Calibration statistics for the entire model domain calculated for the 522  

steady-state calibration targets and the 61 hydraulic heads removed as  

being non-representative of pre-development conditions. ............................. 195 

Table 5.3.3a. Calibration statistics for transient conditions based on the equal-by-well 

weighting scheme for the entire model domain. ............................................ 202 

Table 5.3.3b. Calibration statistics for transient conditions based on the equal-by-well 

weighting scheme for Groundwater Management Area 12. .......................... 202 

Table 5.3.3c. Calibration statistics for transient conditions based on the equal-by- 

observed-head weighting scheme for the entire model domain. .................... 203 

Table 5.3.3d. Calibration statistics for transient conditions based on the equal-by- 

observed-head weighting scheme for Groundwater Management Area 12. .. 203 

Table 5.4.1a Measured and modeled base flow values for steady-state conditions............ 265 

Table 5.4.2a Measured and modeled base flows for transient conditions. ......................... 266 

Table 6.1a. List of 24 model parameters varied for the steady-state sensitivity  

analysis. .......................................................................................................... 286 

Table 6.1b. List of 20 model parameters used for the transient sensitivity analysis. ........ 287 

Table 6.2.1a. Ranking for assessing impact to average hydraulic head and number of  

flooded cells. .................................................................................................. 288 

Table 6.2.1b. Ranking for assessing impact to hydraulic boundary fluxes. ......................... 288 

Table 6.2.1c. Summary for change in average hydraulic head across the model by 

hydrogeologic unit for the 24 parameters considered by the steady-state 

sensitivity analysis. ........................................................................................ 290 

Table 6.2.1d. Summary for change in total hydraulic boundary fluxes and additional  

number of flooded cells for the 24 parameters considered by the steady- 

state sensitivity analysis. ................................................................................ 291 

Table 6.2.1e. Ranking for assessing impact to calibration statistics. ................................... 292 

Table 6.2.1f. Summary for change in calibration statistics for the 24 parameters  

considered by the steady-state sensitivity analysis. ....................................... 293 

Table 6.2.2a. Ranking for assessing impact to 2010 drawdown. ......................................... 318 

Table 6.2.2b. Summary for change in 2010 drawdown across the model in the Sparta,  

Queen City, and Carrizo aquifers and the Simsboro Formation for the 20 

parameters considered by the transient sensitivity analysis. .......................... 319 

Table 6.2.2c. Summary for change in drain and river boundary fluxes for the 20  

parameters considered by the transient sensitivity analysis. .......................... 320 

Table 6.2.2d. Summary for change in model calibration statistics for the 20 parameters 

considered by the transient sensitivity analysis. ............................................ 321 

Table 8.2.1a. Number of nodes representing each model layer. .......................................... 356 

Table 8.4a Top two parameters to which the steady-state model is most sensitive. ........ 358 

Table 8.4b Top five parameters to which the transient model is most sensitive. ............. 358 

  



Final Report: Groundwater Availability Model for the Central Portion 

of the Carrizo-Wilcox, Queen City, and Sparta Aquifers 

Vol. 1 - 1 

1 Executive Summary  

This report documents the construction and calibration of an update to the groundwater 

availability model for the central portion of the Carrizo-Wilcox, Queen City, and Sparta aquifers. 

The numerical model was developed as part of the Texas Water Development Boardôs 

Groundwater Availability Modeling Program. The modelôs purpose is to provide a tool for 

groundwater planning and management in the state of Texas. The project work included updates 

to both the conceptual and numerical models.  

The update to the conceptual model included revisions to fault locations and characteristics in the 

Milano Fault Zone, historical pumping, recharge, and modeling surface water-groundwater 

interaction. The update to the numerical model included converting the previous groundwater 

availability model into MODFLOW-USG, adding model layers, refining the grid mesh in select 

locations, calibrating the model to steady-state conditions, and extending the transient model 

calibration period from 1930 to 2010.  

Using previously mapped fault traces as a guide, we interpreted geophysical logs to characterize 

and map the Milano Fault Zone as a series of connected grabens. The conductance associated 

with each fault was based on the vertical offset assigned to the fault. The importance of the faults 

to groundwater flow was validated by analyzing 113 aquifer pumping tests in and near the 

Milano Fault Zone. Our analyses identified lines of evidence that indicated faults were acting as 

zones of low transmissivity. We validated our findings by reproducing the observed effects in 

drawdown data from the aquifer pumping tests using analytical models.  

We developed the historical pumping dataset to cover an 80-year period from 1930 to 2010. As 

part of this effort, we developed a well database and associated well owners with pumping 

entities to help assign historical pumping. Assigning pumping to the model grid cells was a two-

part process. First, a dataset of annual pumping by water user groups (for example, cities, water 

supply companies, industries, irrigation, livestock) and for rural domestic pumping was created. 

Second, a well dataset was created to guide placement of the pumping spatially as well as 

temporally. 

Our update of the conceptual model for recharge is similar to previous work that used 

hydrograph separation methods to calculate base flow values from river gages. Recharge rates 

were then estimated by dividing the base flow value by the drainage area associated with the 

river gage. However, a distinguishing aspect of our approach was that the recharges rates were 

adjusted to account for two effects. The first effect was the impact of surface geology on the 

spatial distribution of recharge. The second effect was the impact of bank flow on base flow. 

Bank flow is groundwater from bank storage that leaves the alluvium adjacent to a stream to 

become streamflow. For steady-state conditions, the revised approach generates an average 

recharge rate of 2 inches per year from precipitation for the entire model domain.  

To improve the groundwater availability modelôs ability to simulate surface water-groundwater 

interaction, we incorporated two additional model layers. One layer is located near ground 

surface to represent a shallow groundwater system. This model layer extends across the entire 

outcrop area associated with the simulated hydrogeologic units. The second layer was 
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constructed on top of the shallow groundwater flow system layer to represent the Colorado and 

Brazos rivers alluvium.  

In the vicinity of the Colorado River and its major tributaries, the grid cells in the updated model 

were reduced from 1 mile by 1 mile to 0.25 mile by 0.25 mile. In the vicinity of the Brazos River 

and its major tributaries, the grid cells were reduced from 1 mile by 1 mile to 0.5 mile by 0.5 

mile. Refinement of the grid cells improves the modelôs ability to represent the location of the 

pumping wells and streams. In addition, the increased refinement provides for improved 

resolution for representing horizontal hydraulic gradients between streams and the hydrogeologic 

units. 

The code used to implement the update to the groundwater availability model for the central 

portion of the Carrizo-Wilcox, Queen City, and Sparta aquifers is MODFLOW-USG. 

MODFLOW-USG supports an unstructured grid, which allows users to refine the grid locally 

without adjusting the grid size away from the area of interest. This option was used along select 

rivers and streams in the model. Because the updated model was developed using MODFLOW-

USG, the grid cells are no longer referred to by row and column but rather by unique node 

numbers. Each model layer represents a different hydrogeologic unit and different areal 

coverages.  

The revised model has 10 layers. Model layer 1 represents the Colorado and Brazos rivers 

alluvium. Model layer 2 represents the outcrop area in the model and is comprised of the 

hydrogeologic units which make up model layers 3 through 10. The purpose of model layer 2 is 

to represent the shallow groundwater flow system in the outcrop area. From youngest to oldest 

sediments, the remaining model layers represent the Sparta Aquifer, the Weches Formation, the 

Queen City Aquifer, the Reklaw Formation, the Carrizo Aquifer, the Calvert Bluff Formation, 

the Simsboro Formation, and the Hooper Formation. These latter three formations comprise the 

Wilcox Aquifer. 

A total of 522 observed hydraulic heads with a range of 400 feet were used for steady-state 

calibration targets. The steady-state calibration produced a mean error, mean absolute error, and 

a root-mean square error of 1.9, 18.9, and 24.3 feet, respectively. Out of the 522 values, 190 of 

the observed hydraulic heads are from wells in the Groundwater Management Area 12. For the 

190 observed hydraulic head values in Groundwater Management Area 12, which have a range 

of 348 feet, the state-state calibration produced a mean error, mean absolute error, and a root-

mean square error of 6.3, 19.3, and 24.1 feet, respectively. For the entire model domain, 11,378 

observed hydraulic heads from 647 wells were used to calibrate the transient model over the time 

period from 1930 to 2010. For the 11,378 observed hydraulic heads, which have a range of 

845 feet, the transient calibration produced a mean error, mean absolute error, and a root-mean 

square error of -4.6, 14.7, and 22.6 feet, respectively. Out of the 11,378 values, 4,767 observed 

hydraulic heads are from wells in the Groundwater Management Area 12. For these 4,767 

observed hydraulic heads, which have a range of 473 feet, the transient calibration produced a 

mean error, mean absolute error, and a root-mean square error of -4.6, 12.1, and 17.4 feet, 

respectively.  
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Twenty-four parameters were varied for the steady-state sensitivity analysis and 20 were varied 

for the transient sensitivity analysis. Sensitivity of the steady-state model was assessed for the 

metrics average hydraulic head in each hydrogeologic unit, hydraulic boundary fluxes, number 

of additional flooded cells, and model calibration statistics. Sensitivity of the transient model was 

assessed for the metrics drawdown in the Sparta, Queen City, and Carrizo aquifers and the 

Simsboro Formation, river and drain boundary fluxes, and model calibration statistics. To distill 

the results into a meaningful understanding of model sensitivity, a systematic methodology was 

developed based on ranking the impact on the metrics as a result of the change in parameter 

value. For the steady-state model, all metrics are most sensitive to changes in recharge and are 

also sensitive to the horizontal hydraulic conductivity of the Queen City Aquifer. For the 

transient model, all metrics are sensitive to the pumping and horizontal hydraulic conductivity of 

the Carrizo Aquifer. 
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2 Introduction  

The Groundwater Availability Modeling Program of the Texas Water Development Board 

(TWDB) provides tools for assessing groundwater availability for the major and minor aquifers 

in Texas (Figures 2.0a and 2.0b). Groundwater availability models are fundamental tools for 

helping to manage groundwater resources. House Bill 1763 (79th Legislature) developed a joint-

planning process whereby groundwater management areas, with input from local groundwater 

conservation districts, determine desired future conditions for aquifers. The Groundwater 

Availability Modeling Program uses the groundwater availability models to determine the 

modeled available groundwater in the aquifer, which guides management of long-term 

groundwater production to achieve the desired future conditions.  

 

Figure 2.0a. Major Texas aquifers (TWDB, 2006). 

Note: BFZ = Balcones Fault Zone 
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Figure 2.0b. Minor Texas aquifers (TWDB, 2017a). 

  












































































































































































































































































































































































































































































































































































































































































































































